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1 . Improvement  of  the  current  capability  of  the  spirally  wound  D 

cells . 

2 . Development  of  a 3 inch  diameter  flat  cylindrical  cell  for  the 
GLLD  laser  designator  application . 

3.  Research  on  the  SOCI2  reduction  mechanism. 

The  short  circuit  currents  of  the  spirally  wound  D cells  were  in- 
creased from  20-30A  to  100A  corresponding  to  short  circuit  current  densities 
of  200  mA/cm  . This  improvement  was  accomplished  by  improving  the  cathoc  e 
current  collector  design . , 

The  design  and  procurement  of  the  parts  and  tooling  for  the  fabrica- 
tion of  the  3 inch  diameter  flat  cylindrical  cell  has  been  completed . In 
addition  we  evaluated  the  effect  of  cathode  current  collector  design  on  the 
short  circuit  and  the  polarization  characteristics  of  the  disc  shaped  cathodes 
using  a demountable  flat  cylindrical  experimental  cell . The  maximum  short 
circuit  current  densities  obtained  from  these  cathodes  were  similar  to  those 
obtained  from  the  improved  spirally  wound  cathodes  in  the  D cells . We  are 
now  in  the  process  of  improving  the  fabrication  methods  for  the  flat  cylindric 
cell  so  that  these  can  be  made  reproducibly . The  electrical  and  safety  test- 1 
ing  of  these  cells  will  begin  during  the  next  quarter. 

Cyclic  voltammetry  was  used  to  investigate  the  electrochemical 
reduction  of  SOCI2  in  various  supporting  electrolytes  which  dissolve  chloride 
salts  thus  avoiding  any  electrode  passivation  problem  due  to  LiCl  precipita- 
tion. It  was  established  that  although  the  Cl~  ion  was  formed  immediately, 
reaction  products  such  as  S,  SOo  and  S2CI2  were  not  formed  immediately 
upon  reduction  of  SOCI2 . In  addition,  it  was  found  that  exhaustive  electro- 
lysis of  SOCI2  at  a constant  potential  leads  to  the  exhaustion  of  SOCI2  but 
the  latter  was  regenerated  on  warming  the  solution.  These  results  may  be 
relevant  to  the  intrinsic  safety  of  the  system . 

We  plan  to  continue  the  above  activities  and  to  start  the  develop- 
ment of  a spirally  wound  cylindrical  cell  for  the  GLLD  laser  designator 
application  during  the  next  quarter . 
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Fig . 1 . Cross-Sectional  view  of  the  hermetic  Li/SOCl2  30 

D cell. 
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Fig.  4.  Discharge  characteristics  of  low  rate  Li/SOCl,  33 
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designs. 
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flat  cylindrical  cell . 
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I . Introduction 


The  LI/SOCI2"  inorganic  electrolyte  system  is  the  highest 

energy  density  system  known  to  date.  It  consists  of  a Li  anode,  a carbon 
cathode  and  SOCl£* which  acts  both  as  a solvent  and  as  a cathode  active 
material . The  electrolyte  salt  that  has  been  used  most  extensively  is 
LiAlCl^i  but  salts  such  as  U^B^qCI^  £0 7 and  Li£"  (QAICI^)^  (^have  also 
been  used  successfully  in  this  system  for  improving  the  shelf  life  characteristics 


The  main  objective  of  this  program  is  to  develop  high  rate  Ll/SOCl£" 
cells  and  batteries  for  various  portable  applications  of  the  U.  S.  Army.  The 
cells  and  batteries  must  deliver  higher  energy  densities  than  are  presently 
available  and  must  be  safe  to  handle  under  U . S . Army  field  conditions . 


We  carried  out  a detailed  development  (7)  on  the  spirally-wound  high 
rate  D cells  in  order  to  establish  their  performance  capabilities  as  well  as  to 
identify  and  correct  the  limitations  in  their  performance  and  safety  under 
various  use  and  abuse  conditions.  Substantial  progress  was  made  to  correct 
the  cell  limitations,  and  we  found  that  the  state-of-the-art  spirally-wound 
D cells  approach  the  high  rate  requirements  of  the  various  U . S . Army  applica- 
tions more  closely  than  do  any  other  cell  design  at  the  present  time . Accordingly 
we  have  used  this  spirally-wound  D cell  as  * starting  point  and  have  attempted 
to  improve  its  rate  capability  in  order  to  meet  the  requirements  of  two  specific 
applications,  viz.  the  BA5590  Battery  for  Man  Pack  Radio  and  the  Battery  for 
the  GLLD  Laser  Designator. 


In  addition,  we  have  begun  the  development  of  a 3 inch  diameter  flat 
cylindrical  cell  for  the  latter  application . This  cell  has  better  heat  dissipation 
characteristics  than  do  the  cylindrical  D cells  because  of  its  higher  outer 
surface  area  to  volume  ratio.  We  have  plans  to  develop  a 1 .8  inch  diameter 
cylindrical  cell  for  the  latter  application  as  well  which  requires  pulse  currents 


of  17.SA.  This  1 .8  inch  diameter  cell  is  expected  to  have  roughly  twice 
the  current  carrying  capability  of  the  D cells  . 


A parallel  research  effort  has  been  initiated  in  order  to  gain  an  increased 
understanding  of  the  cell  discharge  reactions , particularly  with  respect  to  the 
unstable  intermediates.  We  believe  that  this  knowledge  will  be  useful  in  pro- 
viding guidance  for  improving  the  safety  of  the  system . The  progress  made  in 
all  the  above  areas  during  the  first  quarter  of  this  program  is  described  in  this 
report . 
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II . Spirally  Wound  D Cell 


[ 


‘ 
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The  cross-sectional  view  of  a typical  spirally-wound  hermetic  D 
cell  is  shown  in  Fig.  1 . We  developed  two  types  of  spirally-wound  cells,  one 
for  low  rates  having  10-15  inch  long  electrodes  and  0.5M  LiAlCl^-SOC^ 
electrolyte,  and  the  other  for  higher  rates  having  20  inch  long  electrodes  and 
1 .0M  LiAlCl^-SOC^  electrolyte.  The  design  details  are  available  elsewhere 
(7,8).  The  energy  densities  as  a function  of  the  discharge  current  for  the  two 
types  of  cells  are  shown  in  Fig  . 2 . Typical  discharge  curves  of  the  high  and 
the  low  rate  cells  are  shown  in  Fig.  3 and  4 respectively.  Note  that  the  low 
rate  cells  are  capable  of  delivering  capacities  of  18-19  A. Hr  corresponding  to 
energy  densities  of  20  WHr/in^  and  300  WHr/lb  and  a SOCI2  utilization  of 
95-98%  based  on  the  following  cell  reaction  stoichiometry. 

2Li  + SOCl2  * 2LiCl  + SO V 

Therefore,  this  represents  the  upper  limit  of  energy  density  available  from  this 

system  and  we  do  not  anticipate  any  significant  gain  by  additional  effort  to 

improve  the  cell  further.  The  high  rate  cells,  on  the  other  hand,  deliver 

3 

maximum  energy  densities  of  only  13  WHr/in  and  190  WHr/lb  although  this 
energy  density  remains  virtually  constant  up  to  1 .0A  drain.  The  SOCl2  utiliza- 
tion efficiency  corresponding  to  the  maximum  energy  density  of  the  high  rate 
cells  was  only  70-75%.  The  energy  densities  drop  sharply  above  2.0A.  These 
energy  density  penalties  at  high  rates  stem  from  (a)  lower  operating  voltages 
and  (b)  lower  capacity  (utilization  efficiency)  . The  former  is  dependent  upon 
the  electrical  conductivity  of  the  grid  and  the  electrolyte  and  the  latter  is 
dependent  upon  the  mass  transfer  (diffusion  of  active  material)  in  the  porous 
carbon  cathode  which  is  the  capacity  limiting  electrode.  Therefore,  assuming 
that  we  use  the  electrolyte  with  the  highest  electrical  conductivity,  there  are 
two  major  areas  of  work  for  improving  the  rate-capability  of  the  cells: 
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1 . Optimization  of  the  cathode  collector  design,  and 

2.  Optimization  of  the  porous  cathode  structures. 

We  have  determined  the  longitudinal  reaction  profile  in  the  state-of- 
the-art  cathodes  by  monitoring  the  LiCl  content  of  the  discharged  cathodes  at 
the  various  parts  along  its  length  starting  from  the  tab  onwards . The  results  for 
2A  discharge,  at  three  different  stages  of  discharge,  are  shown  in  Fig.  5.  Note 
that  at  the  early  stages  of  discharge,  (2.5  AHr  and  5.4  AHr)  , most  of  the  re- 
action occurs  near  the  tab.  This  demonstrates  that  at  2A  and  high  currents,  the 
electrical  conductivity  of  the  cathode  grid  controls  the  current  distribution. 

The  higher  the  current,  the  greater  the  non-uniformity  of  the  current  distribution. 
Therefore,  our  first  task  was  to  optimize  the  current  collector  design  of  the 
cathode  of  the  spirally-wound  D cell . 

A.  Optimization  of  the  Cathode  Current  Collector 

For  this  study,  we  kept  the  cathode  mix  composition  and  the 
cathode  fabrication  process  invariant  in  order  to  keep  the  porosity  of  the  carbon 
cathodes  identical  for  all  the  cathode  collector  designs . The  carbon  cathode 
consists  of  an  expanded  Ni  grid  covered  with  Shawinigan  Black  + 10%  Teflon 
mixture  on  both  sides  of  the  grid . The  selection  of  the  above  was  made  from 
the  optimization  of  the  carbon  mixture  and  the  carbon  types,  carried  out 
earlier  (9,  10)  . We  chose  to  investigate  two  sizes  of  the  cathodes,  viz, 

20"  x 1 .75"  x 0.025"  and  25"  x 1 .75"  x 0 .015"  . The  various  collector  designs 
studied  are  discussed  below. 

1 . One  Tab  on  End  Standard  Design;  This  cathode  design  consists 
of  one  tab  welded  vertically  at  one  end  of  the  20"  x 1 .75"  cathode  strip  as  shown 
in  Fig . 6 (1)  • This  is  the  standard  design  that  has  been  used  in  all  the  D cells 
studied  so  far  (7)  . The  longitudinal  reaction  profiles  shown  in  Fig . 5 refers  to 
this  design . 

2 . One  Tab  in  Middle  Design:  In  this  design  the  one  vertical  tab 
is  located  at  the  center  of  the  20"  x 1 .75"  electrode  as  shown  in  Fig . 6 (2)  . 
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3.  Two  lab  Design:  In  this  design  the  two  tabs  are  placed  in 
such  a manner  that  the  farthest  points  from  both  the  tabs  are  identical  and  are 
5 inches  away  for  the  20"  x 1 .75"  cathode.  A schematic  view  of  the  cathode 
design  is  shown  in  Fig . 6 (3)  . The  total  current  is  distributed  evenly  between 
the  two  tabs . 

4 . Horizontal  Tab  with  Single  Vertical  Tab  Design;  In  this  design 
one  horizontal  tab  is  welded  on  one  side  of  the  cathode  along  its  length  and  a 
vertical  tab  is  welded  at  one  end  for  connecting  the  cathode  to  the  cell  terminal 
as  shown  in  Fig . 6 (4'  . In  this  design  the  maximum  distance  from  the  tab  is 
the  width  of  the  cathode  and  as  such  the  current  collection  should  be  most 
efficient . 

5.  Horizontal  Tab  with  Double  Vertical  Tab  Design:  In  this  design, 
two  vertioal  tabs,  located  5 inches  from  either  ends  of  the  cathode,  were  used  in 
addition  to  the  horizontal  tab  as  above . The  schematic  view  is  shown  in  Fig . 6 (5)  . 

6.  One  Tab- Long  Cathode  Design:  This  design  is  identical  to  the 
design  1,  above,  except  that  the  cathode  is  25"  long  (Fig.  6 (6))  instead  of 
20"  long . 

7 . Horizontal  Tab-Long  Cathode  Design:  This  design  (Fig  . 6 (7) ) 
is  identical  to  the  design  4,  above,  except  that  the  cathode  is  25"  long . 

8.  Triple  Tab-Long  Cathode  Design;  In  this  design  three  tabs 
were  used,  one  located  at  the  center  and  the  other  two  were  located  at  either 
ends  of  the  25"  long  cathode.  The  schematic  view  is  shown  in  Fig.  6 (8)  . 

a.  Experimental 

Hermetic  D cells  were  made  by  winding  the  cathode,  Li 
anode  and  glass  filter  paper  separator  in  N1  cans  for  evaluating  the  efficacy  of 
the  cathode  on  the  rate  capability  of  the  cells . All  the  cells  were  filled  with 
1.8M  UAICI4-SOCI2  electrolyte. 
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The  tabs  were  0.002"  thick  and  0.25"  wide  and  were 
folded  over  the  expanded  Ni  grid  which  was  exposed  by  removing  the  carbon 


mix  from  the  grid  area  where  the  tabs  were  welded . Thus  each  tab  consists 
of  a double  layer  of  0.002"  Nl  foil. 


. 
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Some  other  specific  construction  details  of  the  D cells 
with  the  various  cathode  designs  are  described  below. 

Design  #1 . Li  anode  dimension  was  21"  x 2"  x 0.015"; 
one  tab  was  attached  at  one  end  of  the  anode . 

Design  #2  . Li  anode  was  identical  to  design  1 . 

Design  #3  . Li  anode  was  made  by  sandwiching  expanded 
Ni  current  collector  with  a 0.25"  wide  tab  welded  horizontally  lengthwise  between 
two  layers  of  0.005"  thick  Li  foil  Overall  Li  anode  dimension  was  21"  x 2"  x 
0.010" . 

Design  #4  . Li  anode  was  identical  to  design  1 . The 
horizontal  tab  on  the  cathode  was  attached  by  welding  two  layers  of  the  0.25  inch 
wide  tab  on  either  side  of  the  expanded  Ni  grid  which  was  stripped  of  the  carbon 
mix.  The  edge  of  the  thin  horizontal  tab  was  very  sharp  and  it  cut  through  the 
separator  to  cause  the  cells  to  short  during  assembly.  In  order  to  prevent  this, 
a thin  Teflon  film  was  folded  over  the  horizontal  tab  of  the  cathode.  This  made 
the  fabrication  of  these  cells  quite  cumbersome . 

Design  #5  . The  Li  anodes  were  similar  to  those  of  design 
3 and  the  fabrication  of  these  cells  was  as  difficult  as  in  design  4 . 

Design  #6 . The  Li  anode  dimensions  were  26"  x 2"  x 0.01", 
and  it  had  one  set  of  vertical  tabs  at  one  end  of  the  anode  as  in  design  1 . 

Design  #7  . The  Li  anode  dimensions  were  26"  x 2"  x 0 .01" 
and  it  had  expanded  Ni  current  collector  with  0.25"  wide  Ni  tab  welded  hori- 
zontally, similar  to  that  used  in  design  3 . The  cathode  was  covered  with  Teflon 
film  over  the  horizontal  and  vertical  tab  areas. 

Design  #8 . The  Li  anode  was  identical  in  construction 
to  that  of  design  7 . The  construction  of  these  cells  was  considerably  easier 
than  that  of  cells  of  design  7 because  of  the  absence  of  the  horizontal  tab. 
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The  polarization  characteristics  at  currents  below 
17  .5A  and  the  short  circuit  currents  at  25  °C  were  measured  for  all  the  hermetic 
D cells  made  according  to  the  above  designs . The  results  will  be  used  to  select 
the  promising  cell  designs  for  detailed  performance  evaluation  according  to  the 
requirements  of  the  BA5590  and  the  GLLD  Laser  Designator  Batteries. 

b.  Results  and  Discussion 

. The  electrical  resistance  of  the  2"  wide  Li  anode  was 

calculated  to  be  0.113  and  0.169  miliohm/inch  for  0.015"  and  0.01"  thick 
' foils  respectively,  using  the  8.6  x 10“6  ohm/cm  as  the  resistivity  of  Li  metal. 

The  electrical  resistance  of  two  layers  of  the  0.25  inch  wide  and  0.002  inch 
thick  Ni  foil  was  calculated  to  be  2.677  miliohm/inch  using  6.8  x 10~6  ohm/cm 
as  the  resistivity  of  Ni . The  electrical  resistance  of  the  1 .75  inch  wide  expanded 
Ni  was  experimentally  determined  (Fig . 7)  to  be  approximately  14.4  miliohm/inch. 

In  Fig . 7 the  electrical  resistance  at  zero  length  corresponds  to  the  resistance  of 
the  tab.  Thus  the  cathode  grid  resistance  was  two  orders  of  magnitude  higher  than 
the  electrical  resistance  of  the  Li  anode  and  as  such  the  cathode  current  collector 
design  becomes  a controlling  factor  in  the  discharge  of  the  cells  at  high  rates . 

The  Li  anode  current  collector  is  unimportant  insofar  as  the  short  circuit  current 
and  the  current  distribution  at  high  currents  are  concerned  but  it  is  important 
insofar  as  the  efficiency  and  uniformity  of  Li  utilization  are  concerned . 

The  polarization  characteristics  of  the  hermetic  D cells 
with  20"  long  cathodes  of  various  current  collector  designs  are  shown  in  Fig.  8. 

Note  that  significant  improvements  in  the  polarization  characteristics  of  the  cells 
have  been  achieved  over  the  standard  cathode  designs  by  designs  #2  to  #5. 

While  the  best  performance  was  obtained  with  design  #3,  there  was  no  significant 
difference  between  designs  #2,  #4  and  #5  . Note  that  design  #2  is  the  simplest 
of  all  the  designs  and  consists  of  a vertical  tab  located  at  the  middle  of  the 
cathode  strip  as  opposed  to  the  end  of  the  cathode  strip . The  cumbersome  con- 
struction of  cells  with  cathodes  having  horizontal  tabs  as  in  design  #4  and  #5 
as  well  as  the  lack  of  any  substantial  Improvement  in  performance  over  the 
simpler  design  #2 , lead  us  to  eliminate  designs  #4  and  #5  from  further  considera- 
tion. The  cells  of  design  #3  consisting  of  two  horizontal  tabs  performed  best 
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among  the  cells  with  20'  long  cathodes . Accordingly,  both  design  #2  and  #3 
were  selected  for  further  studies . 

The  polarization  characteristics  of  hermetic  cells  with 
25"  long  cathodes  are  shown  in  Fig  . 9 . Note  that  significant  improvements  were 
realized  with  three  tab  designs  over  the  single  tab  designs.  The  horizontal 
tabs  (design  7)  showed  some  improvement,  but  the  difficulty  in  cell  construction 
leads  us  to  reject  it  from  further  consideration.  The  three  tab  design  was  found 
to  be  easier  to  construct  and  the  cells  performed  the  best.  Therefore,  we  chose 
this  design  for  further  evaluation . 

The  short  circuit  currents  of  the  hermetic  D cells  made  with 
the  various  types  of  cathodes  were  measured  through  a 1 miliohm  shunt.  The 
maximum  short  circuit  current  of  the  various  cells  are  shown  in  Table  1 . The 
short  circuit  current  densities  were  calculated  using  the  apparent  geometric 
areas  of  both  sides  of  the  cathodes . Tie  short  circuit  current  increased  by  a 
factor  of  three  from  design  #1  to  design  #2  by  placing  the  tab  at  the  middle  instead 
of  at  the  end.  Use  of  two  tabs  as  in  design  #3  lead  to  a four-fold  increase  in  the 
short  circuit  current  (94A)  over  that  of  the  standard  design  #1 . The  use  of  a 
horizontal  tab  (design  #4)  led  to  a modest  increase  in  the  short  circuit  current. 

This  may  be  due  to  the  reduction  of  the  active  area  of  the  cathode  by  14%. 

The  use  of  the  Teflon  film  may  have  aggravated  the  situation.  The  short  circuit 
current  of  cathodes  with  both  horizontal  and  two  vertical  tabs  (design  #5)  was  found 
to  be  similar  to  that  of  the  cathodes  with  only  two  vertical  tabs,  thus  indicating 
the  lack  of  any  significant  contribution  of  the  horizontal  tabs.  Therefore,  designs 
#2  and  #3  for  the  20"  long  cathodes  were  chosen  based  on  short  circuit  currents. 

The  short  circuit  currents  of  the  cells  with  25"  long 
cathodes  increased  by  a factor  of  two  with  a horizontal  tab  (design  7)  and  by  a 
factor  of  three  to  104A  with  a vertical  three  tab  design.  Again,  the  three  tab 
design  (design  #8)  was  chosen  for  further  studies . 

The  apparent  short  circuit  current  densities  approached 
200  mA/cm  for  the  better  cathodes . The  highest  short  circuit  current  densities  were 
obtained  with  designs  #3  and  #5 . The  maximum  distance  from  the  tab  was  5" 
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for  design  #3  and  1 .5"  for  design  #5  corresponding  to  tota)  maximum  resistances 
of  72  miliohm  and  21 .6  miliohm  respectively.  The  impedance  of  Li  and  the  tabs 
are  negligibly  small  compared  to  the  above  values  and  since  the  above  impedances 
are  in  series  to  make  up  the  total  cell  impedance,  further  improvements  of  the 
short  circuit  current  may  be  possible  by  reducing  the  resistance  of  the  cathode 
current  collector  even  further . 

c.  Conclusions 

An  analysis  of  the  impedance  of  the  various  cell  compo- 
nents and  an  analysis  of  the  longitudinal  cathode  reaction  profiles  showed  that 
the  impedance  of  the  cathode  current  collector  is  a significant  contributor  to  the 
cell  impedance  leading  to  non-uniform  current  distribution  and  low  current 
carrying  capability. 


Eight  different  cathode  current  collector  designs  were 
investigated  using  hermetic  D cells  with  wound  electrode  assembly.  Based 
on  the  polarization  characteristics  and  the  short  circuit  currents,  three  designs 
were  found  to  be  promising  and  were  selected  for  further  evaluation . 

Short  circuit  currents  approaching  100A  and  current 
o 

densities  of  200  mA/cm  were  realized  by  the  above  approach. 
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III.  Flat  Cylindrical  Cell 

The  safety  of  the  Ll/SOCl2  cells  was  shown  (7,  11)  to  depend  on  the 
Internal  temperature  of  the  cells  . DTA  studies  of  the  cell  constituents  showed 
that  Li  + S exothermic  reactions  which  occur  at  temperatures  of  approximately 
150°C  may  be  responsible  for  the  thermal  runaway  of  the  Li/SOC^  batteries. 
Therefore,  it  is  important  that  the  temperatures  of  the  cells  be  kept  below  150°C 
under  all  conditions  of  use  and  abuse.  For  low  rate  applications  the  safety  of 
the  cells  was  successfully  achieved  by  controlling  the  heat  generation  of  the 
cells  by  lowering  their  intrinsic  rate  capability.  However,  for  high  rate  appli- 
cations, such  as  the  GLLD  laser  designator  which  requires  pulse  currents  of 
17  .5A  at  24  volts  involving  a power  drain  of  420  watts,  the  heat  generation 
of  the  cells  cannot  be  easily  controlled.  Therefore,  in  order  to  maintain  the 
internal  cell  temperature  below  150°C,  the  heat  dissipation  of  the  cells  must 
be  enhanced  and  cell  configurations  with  a maximum  surface  area  to  volume  ratio 
are  preferable . Considering  only  the  cylindrical  shape,  in  view  of  its  advantage 
in  terms  of  containing  high  internal  pressures  with  minimal  distortion,  the 
surface  to  volume  ratio,  R is  expressed  as 

R = 2i*2  + 2igl  = 2 + 2 l2} 

I*2 1 1 r 

where  r is  the  radius  and  the  1 is  the  length  of  the  cylinder. 

The  surface/volume  ratio  can  be  increased  either  by  decreasing  the 
length  of  the  cylinder  while  increasing  the  radius  to  maintain  the  internal  volume, 
or  by  decreasing  the  radius  of  the  cell  and  correspondingly  increasing  the  length. 
Considering  the  difficulties  involved  in  the  construction  of  narrow  cylindrical  cells, 
we  opted  in  favor  of  the  former  shape,  viz.,  the  flat  cylindrical  cell. 

The  electrode  designs  chosen  for  this  cell  consisted  of  stacked  circular 
discs  instead  of  the  commonly  used  spirally  wound  electrodes . We  optimized 
the  current  collector  design  of  the  carbon  cathode  by  measuring  the  polarization 
characteristics  of  the  circular  disc  shaped  cathodes  using  a demountable  flat 
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cylindrical  experimental  cell.  We  also  made  progress  in  the  design  and  the  procure- 
ment of  the  tools  and  the  parts  needed  to  construct  the  hermetic  flat  cells.  The 
experimental  details  and  the  results  are  described  here. 

A.  Experimental 

a . Demountable  Flat  Cylindrical  Cell 

We  designed  and  built  a flat  cylindrical  cell  which  can  be 
easily  assembled  and  disassembled  for  the  purpose  of  evaluating  the  effect  of 
the  current  collector  design  in  the  performance  of  the  disc  shaped  carbon  cathodes . 
The  cell  is  made  of  two  thick  stainless  steel  plates  which  act  as  heat  sinks  to 
prevent  any  significant  temperature  rise  in  the  cell  which  may  affect  the  polariza- 
tion measurements.  The  disc  shaped  Li  anode  and  carbon  cathode  are  welded  on 
the  stainless  steel  plates  by  means  of  tabs  of  various  designs.  The  schematic 
view  of  the  experimental  cell  is  shown  in  Fig.  10.  The  two  plates  are  insulated 
by  means  of  viton  rubber  gaskets  and  the  sealing  of  the  cell  was  accomplished  by 
compressing  the  plates  with  polypropylene  nuts  and  bolts . The  cell  contained  an 
Li  reference  electrode  connected  to  a nickel  tab  which  is  placed  between  the  two 
layers  of  the  viton  rubber  gaskets . The  two  stainless  steel  plates  acted  as  cell 
terminals.  The  cell  was  filled  with  1 .8M  LiAlCl^-SOC^  electrolyte  through  an 
electrolyte  fill  port  located  in  one  of  the  plates . 

The  disc  electrodes  were  2.8  inch  in  diameter.  The  Li  anode 
was  made  by  punching  out  2.8  inch  discs  of  15  mil  thick  Li  and  pressing  it  on  the 
expanded  Ni  current  collector  which  was  welded  to  one  of  the  stainless  steel 
plates . 


The  carbon  cathode  was  similar  in  composition  and  thickness 
(0 .025  in)  as  used  in  D size  cells  and  comprised  porous  carbon  on  expanded  Ni 
current  collector.  Carbon  cathodes  were  made  by  punching  out  2.8  inch  diameter 
discs  from  a sheet  of  carbon  cathode . The  details  of  the  various  current  collector 
designs  are  shown  in  Fig.  11 . Altogether  eight  different  designs  were  studied. 
The  details  of  the  various  current  collector  designs  are  described  below. 
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Design  #1 . In  this  design  the  expanded  Ni  grid  of  the 
carbon  was  welded  to  the  stainless  steel  plate  at  four  different  spots  as  shown 
in  Fig.  11  (1)  . There  was  no  separate  tab  for  the  current  collection.  There  was 
no  significant  reduction  of  the  active  carbon  area  in  this  design,  since  weld 
areas  were  very  small  and  the  amount  of  carbon  removed  from  the  grid  was  negli- 
gible . 

Design  #2  . In  this  design  two  layers  of  0.20  inch  wide 
Ni  ring  was  welded  all  around  the  carbon  cathode.  The  thickness  of  each  layer 
of  the  ring  was  0.01  inch.  The  Ni  ring  was  then  welded  to  the  stainless  steel 
block  at  four  different  spots  as  shown  in  Fig  . 11  (2)  , without  any  tab.  This 
design  leads  to  a reduction  of  the  active  carbon  area  of  approximately  27%. 

Design  #3  . This  design  was  identical  to  design  #2  in  all 
respects  except  that  the  Ni  ring  was  0 .005  inch  thick  . 

Design  #4 . In  this  design,  the  cathode  with  the  metal  ring 
as  in  design  #2,  was  welded  to  the  stainless  steel  block  by  means  of  two  layers 
of  0.25  inch  wide,  0 .002  inch  thick  Ni  tab.  The  length  of  the  tab  was  approximately 
0.25  inch.  The  cathode  was  otherwise  insulated  from  the  stainless  steel  block 
by  a layer  of  separator . 

Design  #5  . In  this  design  two  layers  of  0.25  inch  wide  Ni 
tab  was  connected  to  one  edge  of  the  cathode  disc  and  then  welded  to  the  stainless 
steel  block  of  the  cell.  There  was  virtually  no  loss  of  the  active  cathode  area  by 
this  design.  The  cathode  was  otherwise  insulated  from  the  block  by  means  of  a 
layer  of  glass  filter  paper  separator. 

Design  #6 . In  this  design,  two  layers  of  0.25  inch  wide  Ni  tab 
were  welded  from  the  center  to  the  edge  of  the  cathode  disc,  as  shown  in  Fig.  11  (6)  . 
This  tab  was  then  welded  to  the  stainless  steel  block.  There  was  also  a layer 
of  separator  between  the  cathode  and  the  cell  block . The  reduction  in  active 
cathode  area  was  approximately  9% . 

Design  #7 . In  this  design  two  layers  of  0.125  inch  wide  tab 
werewelded  across  the  diameter  of  the  cathode  disc  as  shown  in  Fig.  11  (7)  . 

The  cathode  was  also  separated  from  the  block  as  before . The  reduction  in  active 
area  as  a result  of  the  tab  was  approxirrately  6%. 

Design  #8  . In  this  design  two  0.125  inch  wide  tabs  (two 
layers'  were  welded  at  90  degrees  along  the  diameter  of  the  cathode  disc  as  shown 
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in  Fig . 11  (8)  . The  two  tabs  were  welded  to  the  stainless  steel  cell  block 
and  the  cathode  was  separated  from  the  block  by  glass  filter  paper  separator. 

The  reduction  of  the  active  area  was  approximately  12%. 

The  cell  was  made  with  the  above  cathodes  and  Li  anode  with 
glass  filter  paper  separator.  Only  one  side  of  the  electrodes  was  used.  Both 
the  short  circuit  current  and  the  pblarization  characteristics  were  measured . 
During  the  polarization  measurements,  both  the  cell  voltage  and  the  cathode 
potential  against  the  Li  reference  electrode  were  measured.  All  the  measurements 
were  made  at  room  temperature . The  wall  temperature  of  the  cells  were  monitored 
during  the  above  measurements,  and  it  remained  constant. 


b.  Flat  Cylindrical  Cell  Design 


The  overall  dimensions  of  the  flat  cylindrical  cell  are: 

OD:  3.00  inch,  Ht:  0.50”  . The  design  of  the  flat  cell  can  is  shown  in  Fig.  12. 
The  can  was  made  of  304  stainless  steel  which  is  compatible  with  the  system. 


The  flat  cell  cover  design  is  shown  in  Fig . 13  . It  contains 
a glass-to-metal  seal  terminal  and  an  electrolyte  fill  port.  The  material  of  the 
cover  was  also  304  stainless  steel. 


The  cross  sectional  view  of  the  cell  with  the  disc  electrode 
stack  is  shown  in  Fig.  14. 

The  procurement  of  cans  and  covers  was  completed . The 
tooling  needed  to  make  the  cover  assembly  with  G/M  seal  is  in  the  process  of 
being  perfected . We  made  several  experimental  runs . 

The  tooling  for  punching  out  the  electrodes  has  been  de- 
veloped for  the  initial  electrode  studies. 

The  development  of  appropriate  tooling  for  welding  the  cell 
top  has  also  been  completed . 
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b.  Effect  of  Current  Collector  Designs  on  the  Short 
Circuit  Currents 

The  short  circuit  currents  of  the  experimental  flat  cells 
with  the  cathodes  of  eight  different  designs  are  shown  in  Table  3 . The  lowest 
short  circuit  was  obtained  with  design  #5  having  one  tab  connected  at  one  point 
at  the  edge  of  the  disc,  indicating  the  poor  current  collection  of  this  design. 

The  higher  short  circuit  currents  of  the  other  designs  indicate  the  relative 
compensatory  effects  between  the  mass  transport  and  the  current  collection. 

Based  on  the  short  circuit  current,  the  designs  6 and  7 emerge  as  the  preferable 
designs  for  the  high  rate  cathodes.  The  highest  short  circuit  current  density 
realized  from  these  cathode  designs  was  200-230  mA/cm  , very  similar  to 
that  realized  from  the  spirally  wound  D cells  indicating  the  adequacy  of  the  current 
collection . 

C . Conclusions 

The  effect  of  the  cathode  current  collector  design  on  the  polarization 

and  the  short  circuit  current  of  the  flat  cells  did  not  appear  to  be  as  dramatic  as 

in  the  case  of  spirally  wound  D cells  of  the  eight  different  current  collector 

designs  investigated . Two  were  chosen  for  further  evaluation  in  the  hermetic 

flat  cylindrical  cell.  These  designs  have  a current  collector  tab  located  along 

the  radius  and  along  the  diameter  of  the  circular  disc  shaped  carbon  cathode . 

These  two  designs  combine  the  least  reduction  in  the  active  carbon  area  and  an 

efficient  current  collection  for  the  2 .8  inch  diameter  cathode.  The  maximum  short 

2 

circuit  current  densities  were  200-230  mA/cm  , very  similar  to  that  realized  in 
spirally  wound  D cells  having  improved  cathode  current  collectors . 
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IV.  Cyclic  Voltammetric  Studies  on  the  SOCl2  Reduction  Mechanism 


Calorimetric  (12)  and  DTA  studies  (7,  11)  of  Li/SOCl2  D cells  showed 
that  chemical  reactions  continue  to  occur  liberating  heat  after  the  discharge 
of  the  cell.  Since  these  reactions  do  not  occur  in  an  undischarged  cell,  it  is 
reasonable  to  assume  that  the  reduction  products  of  SOC^  are  responsible,  at 
least  in  part,  for  these  spontaneous  exothermal  reactions.  The  reported 
spontaneous  explosions  of  partially  discharged  Li/SOCl2  cell  on  casual  storage 
may  also  be  initiated  by  the  above  unknown  reactions  involving  the  SOC^  re- 
duction intermediates.  Thus,  knowledge  regarding  the  nature  of  the  unstable 
intermediates  of  SOCl2  reduction  may  be  useful  as  a guide  for  the  improvement 
of  the  safety  of  the  Li/SOC^  cells.  We  postulated  (9,  13)  the  overall  cell 
reaction  to  be 


SOCl2  + 2Li 


->  SO  + 2LiCl 


where  SO  may  dimerize  and  then  decompose  to  S and  SO2  or  may  form  polymers . 
Although  there  is  substantial  evidence  (5,  14)  in  favor  of  cell  stoichiometry  [3] 
and  the  quantitative  formation  of  LiCl  and  qualitative  formation  of  S and  SC>2» 
very  little  is  known  regarding  the  intermediates  formed  during  the  discharge  of 
SOC^.  Attempts  to  use  cyclic  voltammetry  (15,  16)  in  neat  SOCl2-LiAlCl^ 
solutions  to  study  the  discharge  reaction  were  complicated  by  the  electrode 
passivation  due  to  the  precipitation  of  LiCl  which  is  insoluble  in  SOCl2 . We 
have  circumvented  this  electrode  passivation  problem  by  using  a supporting 
electrolyte  consisting  of  tetrabutylammonium  hexafluorophosphate  in  organic 
solvents  such  as  dimethyl  formamide  (DMF)  and  acetonitrile  (AN)  for  studying 
the  SOCI2  reduction.  The  electrode  passivation  was  absent  in  the  above 
solutions  since  both  tetrabutylammonium  chloride  and  S are  soluble  in  DMF 
and  AN . We  carried  out  both  cyclic  voltammetry  and  coulometry  in  the  above 
electrolytes.  The  results  are  reported  here. 

A.  Experimental 

Electrochemical  experiments  were  performed  using  a PAR  173 
potentiostat  and  PAR  175  function  generator  with  associated  ancillary  equipment. 
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Data  were  collected  using  conventional  x-y  and  strip  chart  recorders . 

Platinum  working  electrodes  were  pretreated  by  chromic  acid  followed  by  a 
wash  with  distilled  water  and  air  drying  . Experimental  solutions  were  routinely 
degassed  with  argon  before  the  substrates  were  added . A silver  chloride  coated 
silver  wire  was  used  as  a reference  electrode . This  electrode  has  a potential 
of  3.30V  vs  . Li  in  PFg  -DMF  solutions  . 

Experiments  were  performed  in  cells  of  conventional  design . 

Coulometric  experiments  were  carried  out  in  a two  compartment  H-cell  using 
a glass  frit  to  prevent  passage  of  material  from  the  working  and  auxiliary  electrode 
compartments . 

Organic  solvents  were  either  Burdick  & Jackson  "Distilled  in  Glass" 
DMF,  and  CH2C12  or  Eastman  Spectro  Grade  acetonitrile.  Supporting  electrolyte 
was  prepared  by  metathesis  of  tetrabutylammonium  chloride  (TBAC1)  and  lithium 
hexafluorophosphate  in  acetone/water  and  purified  by  multiple  re- 
crystallizations in  hot  ethanol. 

B . Results  and  Discussion 

The  electrochemical  characteristics  of  some  of  the  impurities  and 
proposed  reduction  products  of  SOCl2  were  examined  by  cyclic  voltammetry  in 
the  organic  supporting  electrolyte  solutions.  Ir.  particular,  sulfur,  sulfur  mon- 
chloride, and  sulfur  dioxide  are  materials  of  interest,  while  chloride  ion  is 
generally  accepted  as  a reduction  product. 

a . Chloride 

A cyclic  voltammogram  on  Pt  electrode  in  TBAPF6  in  AN  is 
shown  in  Fig.  18  which  demonstrates  the  clean  background.  A suitable  chloride 
source  was  found  in  tetramethylammonium  chloride  (TMAC1)  which  is  both  soluble  and 
ionized  in  acetonitrile  solution . A cyclic  voltammogram  obtained  with  a platinum 
wire  electrode  of  a solution  of  TMACland  TBAPFg  in  AN  is  shown  in  Fig . 19  . The 
oxidation  of  free  chloride  to  chlorine  and  the  associated  reduction  to  chloride 
are  clearly  located  about  1 .IV  positive  of  the  reference  potential. 
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b. 


Sulfur  Dioxide 


The  electrochemical  reduction  of  sulfur  dioxide  is  itself 

of  considerable  practical  importance  and  reasonably  stable  solutions  of  sulfur 

dioxide  in  organic  solvents  are  easily  obtained.  The  reduction  of  SO2  In  DMF, 

acetonitrile  and  methylene  chloride  has  been  examined.  In  acetonitrile,  SC>2  is 

reduced  in  a diffusion  controlled  process  at  E 1/2  - 1 .15V  vs . the  silver 

reference  as  shown  in  Fig.  20.  The  oxidation  wave  with  Ep  near  +0.35V  is  much 

diminished  at  lower  sweep  rates  and  represents  the  oxidation  of  a product  of  the 

2“ 

S02  reduction,  viz.  S204  according  to  the  reaction 


S02  + e ► SOz~ 00 

2(S02)"  ► S2042‘ £5  3 


Even  at  the  relatively  high  sweep  rate  of  lV/sec  there  is  little  evidence  for  any 

other  oxidation  peaks  corresponding  to  the  oxidation  of  species  such  as  SC>2~. 

A similar  voltammogram  of  S02  in  dimethylformamide  solution  is  shown  in  Fig . 21 

under  similar  circumstances.  Once  more  E 1/2  is  near  -1 ,15V  and  there  is  a 

kinetic  oxidation  wave  due  to  S02  reduction  products,  but  there  is  also  a small 

wave  near  -0.13V  which  is  cue  to  a new  product  species . Finally,  S02  was  also 

examined  in  methylene  chloride  solution,  where  two  oxidation  peaks  corresponding 

_ o - 

to  the  oxidation  of  S02  and  S204  are  more  apparent,  as  shown  in  Fig  . 22  . In 
general  the  initial  reduction  behavior  of  the  SC>2  in  organic  solvents  was  quite 
consistent,  with  the  established  mechanisms  (20)  but  the  oxidation  of  the  re- 
duction products  was  substantially  affected  by  the  solvent,  probably  due  to  yary- 

- 2~ 

ing  degrees  of  saturation  of  the  two  reduced  species,  SC>2  and  S204 
c.  Sulftir 

The  cyclic  voltammetry  of  sulfur  was  examined  in  dimethyl- 
formamide and  methylene  chloride  because  of  the  difficulty  of  dissolving  sulfur 
in  acetonitrile . In  both  methylene  chloride  and  DMF,  the  reduction  of  sulfur 
is  a rather  complex  phenomenon.  The  reduction  of  sulfur  in  CH2C12  as  shown  in 
Fig.  23,  consists  of  two  successive  reduction  waves  whose  relative  heights  are 
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sweep  rate  dependent  (as  V Increases  the  second  wave  becomes  less 
prominent)  at  ca.  -1  .IV  and  -1 .5V  with  an  oxidation  near  -0.2V  which  is 
also  sweep  rate  dependent  and  becomes  more  prominent  as  the  sweep  rate 
increases.  Both  of  these  reduction  processes  appear  to  be  quite  irreversible. 

The  reduction  of  sulfur  in  DMF,  as  shown  in  Fig . 24  again  consists  of  two 
irreversible,  but  more  widely  spaced  waves  near  -0.6V  and  -1 .15V.  The  shape 
of  this  second  reduction  wave  is  dependent  on  sweep  rate . Finally  there  is  an 
oxidation  wave,  also  irreversible  at  +0.25V.  The  species  responsible  for  this 
oxidation  has  been  shown  by  other  voltammograms  to  be  the  product  of  the  first 
reduction  wave.  The  height  of  this  oxidation  wave  is  also  a function  of  the 
sweep  rate  and  becomes  much  more  obvious  at  nigh  sweep  rates.  In  acetonitrile 
the  cyclic  voltammogram  for  sulfur  is  somewhat  similar  to  that  for  DMF,  although 
the  second  wave  is  much  less  well  defined  and  the  oxidation  wave  is  near  0V. 

d.  Mixture  of  Sulfur  and  Sulfur  Dioxide 

e 

Since  both  S and  SC>2  are  known  to  form  in  the  cell,  the 
cyclic  voltammogram  of  a mixture  of  S with  trace  amounts  of  S02  in  TBAPFg- 
DMF  electrolyte  was  obtained,  and,  as  shown  in  Fig.  25(a)  , it  contained  only 
the  two  peaks  corresponding  to  the  reduction  of  S.  Cyclic  voltammograms  of 
the  same  solution  with  slightly  higher  concentrations  of  S02,  as  shown  in 
Fig.  25(b)  , contain  three  reduction  peaks,  the  middle  one  represents  the  S02 
reduction.  There  was  no  noticeable  interaction  between  S and  S02  that  could  be 
detected  by  the  cyclic  voltammetry. 

e.  Sulfur  Monochloride 

In  contrast  to  the  other  products  examined,  S2  Cl2  showed 
a complicated  electrochemical  behavior  in  organic  solvents.  As  shown  in  Fig.  26, 
the  voltammogram  of  S2C12  in  acetonitrile  is  dominated  by  an  adsorption  wave 
near  -1 ,15V.  This  wave  is  followed  by  an  apparently  reversible  reduction  near 
-1.75V.  On  the  return  sweep  we  see  peculiar  behavior  suggesting  adsorption  of 
S2C12  or  its  products  on  the  electrode  surface.  At~  +1  .IV  we  see  the  oxidation 
of  chloride  generated  during  the  reduction  of  S2C12  . 
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f . Thlonyl  Chloride 

A cyclic  voltammogram  for  50pl  SOCl2  in  approximately 
75  ml  DMF  with  0 .1M  N(C4Hg)  4 PFg  at  a platinum  wire  electrode  is  presented 
in  Fig.  27(a)  . The  reduction  of  thionyl  chloride  shows  two  successive  reduction 
waves  with  Ep/2  at  -0.20V  for  the  first  wave,  (17)  with  a peak  potential  which 
is  sweep  rate  dependent,  but  near  -0.37V,  while  the  peak  potential  for  the  second 
reduction  is  near  -0.65V.  In  addition  to  these  reduction  processes,  there  is  an 
irreversible  and  broad  oxidation  on  the  return  sweep  near  0.0V.  This  oxidation 
wave  is  absent  at  lower  sweep  rates  and  more  prominent  at  higher  sweep  rates 
of  200  mV/sec  or  more.  The  small  reduction  wave  near  -1 .25V  is  present  in  the 
background  and  presumably  due  to  a trace  impurity  in  the  DMF.  Both  of  the 
reduction  peaks  due  to  thionyl  chloride  are  due  to  diffusion  controlled  nrocesses 
as  shown  by  the  linear  relationship  of  the  peak  cathodic  current  ipc  and  aT\T, 
where  V is  the  sweep  rate,  as  shown  in  Fig  . 28 . Under  similar  circumstances 
an  adsorption  controlled  process  would  show  ipc  linear  with  V and  a kinetic 
controlled  process  is  not  a simple  function  of  V (17)  . 

| 

This  solution  of  DMF  and  thionyl  chloride  is  sufficiently 
stable  that  an  exhaustive  electrolysis  of  the  thionyl  chloride  can  be  performed  at 
a platinum  foil  electrode . It  is  somewhat  difficult  to  get  completely  reproducible 
n values  from  coulometry  because  of  the  closely  spaced  second  reduction  wave, 
but  reduction  at  -0.25V  gives  an  apparent  n of  1 .71-1 .9  e per  SOCl2  • A cyclic 
voltammogram  of  this  reduced  SOCl2  solution  is  shown  in  Fig.  27(b)  . This 
reduced  product  is  characterized  by  a reduction  wave  near  -0.63V  with  little 
clear  evidence  for  any  oxidation  processes.  If  this  reduced  solution  is  either 
allowed  to  stand  or  is  slightly  wanned  with  a water  bath,  some  thionyl  chloride 
is  regenerated,  as  shown  in  Fig.  27(c)  . If  this  material  is  then  further  reduced 
at  -0 .25V,  n is  2 .04  or  very  nearly  2.0,  while  a shoulder  appears  near  -0.9V. 

The  electrochemical  behavior  of  sulfur,  sulfur  dioxide  and 
sulfur  monochloride  and  that  of  the  reduced  SOCl2  solution  lead  to  the  con- 
clusion that  none  of  these  three  materials  are  immediately  formed  in  the 
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reduction  of  thionyl  chloride  in  DMF.  We  have  observed  identical  reduced 
SOCl2  products  in  a variety  of  solutions  which  enable  us  to  rule  out  any  reaction 
of  solvent  with  SOCl2  as  the  source  of  this  behavior. 

These  findings  suggest  that  the  reduction  of  thionyl  chloride 
is  a more  complex  process  than  originally  thought.  A possible  reaction  scheme 
which  is  consistent  with  our  experimental  evidence  involves  an  Initial  one 
electron  reduction  of  SOCI2  with  expulsion  of  a chloride  ion  [6 3 which  then 
undergoes  some  rapid  chemical  process  such  as  shown  in  [7  3 and  [8]  . 


SOCl2  + e ► SOC1  + Cl" [f] 

SOC1  + SOC1  ► (SOC1)  2 \7] 

(SOC1)  2 ► SOCl2  + SO .[8] 


The  highly  reactive  species  SO  may  dimerize,  disproportionate 
and  then  decompose  to  S + S02  or  form  polysulfur  oxide  (18)  according  to  the 
reactions 


2SO  ► (SO)  2 [9] 

(so)2  + so  ► s2o  +so2 .[10] 

2S20  ► S02  + S [ill 

m S20  ► (SnO)  x + S02,  n>  2 [l2] 


or  form  some  complex  with  excess  SOCl2  [l3]  which  would  remove  SOCl2  from 
solution  until  the  complex  is  destroyed . The  product  of  reaction  [13J  is 
stoichlometrically  equivalent  to  the  (SOC1)  2 dimer  in  [7]  . 

SO  + soci2  ► SO-SOCl2  [13] 

The  poly  sulfur  oxides  may  decompose  to  yield  S and  S02  which  are  thought 
to  be  the  final  electrolysis  products  . Other  observations  such  as  exothermic 
reactions  in  partially  discharged  cells  (12)  and  delayed  increase  in  gas  pressure 
in  discharged  SOCl2  cells  (19)  can  also  be  explained  in  terms  of  this  reaction 
scheme . These  results  may  have  some  relevance  to  the  chemical  reactions  in 
SOCl2  cells  and  their  subsequent  safety. 
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c. 


Conclusions 


We  have  obtained  experimental  evidence  showing  that  the 
reduction  of  SOCl2  does  not  lead  to  the  Immediate  formation  of  S,  SOz  or 
SgC^ . The  Intermediates  formed  are  either  sufficiently  stable  by  themselves 
or  they  combine  with  SOCI2  to  form  a relatively  stable  species . The  most 
interesting  finding  is  that  after  a constant  potential  electrolysis  there  is 
evidence  for  the  regeneration  of  SOCI2  on  standing  or  warming  of  the  solution . 
The  observed  spontaneous  heat  evolution  (12)  of  a discharged  cell  may  be 
explained  in  part  by  such  a reaction . Although  we  do  not  have  any  direct 
evidence  for  the  formation  of  SOC1  and  SO  as  yet,  all  our  results  so  far  are 
consistent  with  the  hypothesis  of  their  formation  as  intermediates  in  SOCl2 
reduction . 
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V.  Conclusions  and  Future  Work 


The  current  carrying  capability  of  the  spirally  wound  D cells  was 
improved  substantially  by  improving  the  current  collector  of  the  cathode . 

Short  circuit  currents  of  100A  and  short  circuit  current  densities  of  200  mA/cm^ 
were  realized  by  the  above  approach . 

The  development  of  a 3 inch  diameter  flat  cylindrical  cell  for  the 

GLLD  laser  designator  application  has  proceeded  on  schedule.  The  current 

collector  design  of  the  disc  shaped  cathodes  were  optimized  and  short  circuit 

2 

current  densities  in  excess  of  200  mA/cm  were  realized . We  have  made  some 
experimental  flat  cylinder  cells,  and  are  now  in  the  process  of  developing 
fabrication  methods  for  them. 

We  have  gained  additional  insight  into  the  electrochemical  reduction 
of  SOCl2  particularly  into  the  pseudo  stable  intermediates  and  their  possible 
effects  on  the  cell  chemistry . We  have  used  only  cyclic  voltammetry  so  far 
but  plan  to  augment  these  studies  with  other  techniques  in  the  future  in  an 
attempt  to  obtain  direct  evidence  on  the  chemical  nature  of  the  reaction  inter- 
mediates . 

During  the  next  quarter  we  plan  to  begin  work  on  the  development  of 
the  1 .8  inch  diameter  spirally  wound  cell  for  the  GLLD  laser  designator  appli- 
cation, in  addition  to  continuing  the  above-mentioned  activities  that  have 
already  been  initiated . 
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TABLE  1 


Short-Circuit  Currents  of  Hermetic  D Cells  with  Various  Cathode  Designs 


Maximum  Short  Circuit 


Current 

(A) 


Current 

Density 

(mA/cm2) 


Fig.  3.  Discharge  characteristics  of  high  rate  U/SOCI2 
D cells  at  constant  currents  of  0.25,  1.0  and 
3.0A  at  25°C . 
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Fig . 7 . Electrical  resistance  of  expanded  Ni  cathode 
current  collector . 
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REVISION  RECORD 


Fig.  12.  Flat  cylindrical  cell  container 


REVISION  RCCORO 


Fig  . 13.  Flat  cylindrical  cell  top  with  G/M  seal  and  the 
electrolyte  fill  port . 


VISION  RECORD 


Fig . 14  • Cross-Sectional  view  of  the  hermetic  flat 
cylindrical  cell . 
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Polarization  characteri sties  of  disc  shaped  cathodes 
with  various  current  collector  designs. 
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CURRENT  (A) 


Fig.  17.  Polarization  characteristics  of  disc  shaped  cathodes 
with  various  current  collector  designs. 


Fig  . 18.  Cyclic  voltammograms  of  tetrabutyl  ammonium 

hexafluorophosphate  solution  in  acetonitrile  on  Pt 
electrode,  background,  scan  rate  200  mv/sec. 


Fig . 19.  Cyclic  voltammogram  of  tetramethyl  ammonium 

chloride  in  acetonitrile/tetrabutyl  ammonium  hexa 
fluorophosphate , scan  rate  200  mv/sec. 


Cyclic  voltammograms  of  (a)  S + trace  SO2  in  DMF/ 
TBAPFg,  (b'  S + more  S02  in  DMFABAPFg,  scan  rate 
200  mv/sec . 


300 


scan  rate  500  mv/sec. 
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-0.5  -1.0  -1.5  -2.0 

POTENTIAL  VS. Ag  REF . ( VOLT ) 


Cyclic  voltammograms  of  SOCI2  in  DMFABAPFg 
(a>  before  the  electrolysis , (b'  Immediately  after  the 
exhaustive  electrolysis  at  -0.25V  vs  Ag  wire  reference, 
(c)  after  warming  the  electrolyzed  solution;  scan  rate 
200  mv/sec . 


J V ( mV  / sec ) 

Fig.  28.  Plot  of  the  peak  currents  versus  the  square  root  of  the 
scan  rate  (V)  of  the  two  reduction  waves  of  SOCl_  in 

dmf/tbapf6. 
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